Individuals experience less interference from conflicting information following events that contain conflicting information. Recently, Jiménez, Lupiáñez, and Vaquero (2009) demonstrated that such adaptations to conflict occur even when the source of conflict arises from implicit knowledge of sequences. There is accumulating evidence that momentary changes in adaptations made in response to conflicting information are conflict-type specific (e.g., Funes, Lupiáñez, & Humphreys, 2010a), suggesting that there are multiple modes of control. The current study examined whether conflict-specific sequential congruency effects occur when the 2 sources of conflict are implicitly learned. Participants implicitly learned a motor sequence while simultaneously learning a perceptual sequence. In a first experiment, after learning the 2 orthogonal sequences, participants expressed knowledge of the 2 sequences independently of each other in a transfer phase. In Experiments 2 and 3, within each sequence, the presence of a single control trial disrupted the expression of this specific type of learning on the following trial. There was no evidence of cross-conflict modulations in the expression of sequence learning. The results suggest that the mechanisms involved in transient shifts in conflict-specific control, as reflected in sequential congruency effects, are also engaged when the source of conflict is implicit.
Implicit memory is thought to be a very rigid form of expertise, where knowledge is applied exclusively in the context in which it was acquired (e.g., Abrahamse & Verwey, 2008) . However, some recent work has demonstrated that the expression of implicit knowledge can be adapted flexibly and that it can be sensitive to momentary violations of learned structures underlying previously acquired tendencies (Jiménez, Lupiáñez, & Vaquero, 2009) . Whereas this prior research focused on the learning of motor sequences, our goal in this study was to assess whether this sensitivity in implicit learning extends to knowledge of a perceptual sequence and, additionally, whether sensitivity to momentary violations of a learned structure is specific to the particular type of knowledge being expressed, perceptual or motor.
Implicit Sequence Learning
Skill acquisition has often been studied in the laboratory through the use of serial reaction time (SRT) tasks. In the standard version of this task, participants respond as quickly and accurately as possible to the location of a target stimulus on every trial. The target often appears in one of four possible locations, and participants respond by pressing a key that corresponds to the current location of the target. Unbeknownst to the participant, the location at which the target stimulus appears follows a relatively complex sequence. Sequence learning is evidenced by the gradual improvement in responding to trials generated by a training sequence (Nissen & Bullemer, 1987) , as well as by a cost associated with responding to a trial in which the location is either generated randomly (Cohen, Ivry, & Keele, 1990) or generated by a control sequence (Schvaneveldt & Gomez, 1998) .
Sequence learning can occur with or without the intention to learn, although the learning observed appears to be qualitatively different when participants learn intentionally than when they learn incidentally (Jiménez, Vaquero, & Lupiáñez, 2006) . One qualitative difference of note is that intentional learners but not incidental learners can express their acquired knowledge flexibly, by transferring their learning across changes in surface structure. Jiménez et al. (2006, Experiment 2) trained intentional and incidental learners on a sequence during a training phase in which learners responded to the location of a single target. In a later transfer phase, both groups of learners responded to the same target that was now accompanied by distractors. Importantly, the location of the targets was still predicted by the training sequence but was now accompanied by distractors. Jiménez et al. showed that intentional but not incidental learners transferred sequential knowledge from the training phase to the transfer phase. These results suggest that implicit memory is rigidly expressed in its acquisition context and that the expression of implicit knowledge is not flexibly controlled.
However, a recent study reported by Jiménez et al. (2009) challenges this view, in that they found implicit learning to be sensitive to momentary violations of previously acquired knowledge of sequential structure. By analogy to the literature on conflict adaptation (Gratton, Coles, & Donchin, 1992) , a target on one trial that is well predicted by the sequential structure of prior trial-to-trial transitions might be regarded as a congruent trial. In contrast, a target on one trial that violates the sequential structure of prior trial-to-trial transitions can be regarded as an incongruent trial. Within this framework, Jiménez et al. demonstrated that sequential congruency effects can be measured in both intentional and incidental learning. Using a probabilistic trial-by-trial substitution method, Jiménez et al. had participants complete a standard SRT task in which, in the training blocks, the location of the target was predicted by a second-order conditional sequence on 90% of the trials. In two transfer blocks the probability that the target location was predicted by the training sequence was reduced to 20%. The results of the transfer blocks revealed that both intentional and incidental learners produced a sequence learning effect only on trials that were preceded by training (congruent) trials and that the expression of learning was eliminated following control (incongruent) trials. These results demonstrate that the expression of implicit knowledge can be constrained by momentary violations of learned tendencies. One interpretation of these results is that the expression of implicit learning on a given trial depends on the adjustment of control triggered by the detection of conflict in the preceding trial, as proposed in Botvinick and colleagues' conflict monitoring hypothesis (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Botvinick, Cohen, & Carter, 2004) .
Conflict Adaptation Effects
The conflict monitoring model proposes that the cognitive system engages control when it encounters competition between the correct responses for a given task and some relatively automatic, but ultimately incorrect, response tendencies (Botvinick et al., 2004) . Interference tasks, such as the Eriksen flanker task (Eriksen & Eriksen, 1974) , Stroop task (Stroop, 1935) , and Simon task (Simon, 1969) , have been used extensively to study cognitive control, as all three tasks require that participants override processing of an irrelevant aspect of the stimulus in order to correctly respond based on the task-relevant aspect. For example, in the Eriksen flanker task, participants must indicate the direction of a central target arrow while ignoring the direction of flanker arrows presented on either side of the target. On compatible trials the direction of the flanker arrows is compatible with the correct response to the central target arrow (e.g., Ͻ Ͻ Ͻ Ͻ Ͻ), while on incompatible trials the direction of the flanker arrows is incompatible with the correct response to the target arrow (e.g., Ͼ Ͼ Ͻ Ͼ Ͼ). The difference in performance for incompatible and compatible trials is referred to as the interference effect, and is a measure of the time needed to overcome conflict or competition derived from task-irrelevant information. Typically, participants take longer to respond and make more errors on incompatible relative to compatible trials, although the size of the interference effect is modulated by the proportion of compatible trials (e.g., Corballis & Gratton, 2003) , as well as by the compatibility of the preceding trial (e.g., Gratton et al., 1992) .
The influence of the preceding trial on the size of the interference effect is referred to as a conflict adaptation effect or a sequential congruency effect (Gratton et al., 1992) . With reference to the Eriksen flanker task, the interference effect is typically larger following compatible trials than following incompatible trials; in fact, an interference effect is often only present following compatible trials. The conflict monitoring model proposes that sequential congruency effects reflect transient shifts in control that are initiated by the dorsolateral prefrontal cortex (dLPFC) after the detection of conflicting or competing information by the anterior cingulate cortex (ACC; e.g., Botvinick et al., 2001; De Pisapia & Braver, 2006) . According to this framework, sequential congruency effects arise due to a reactive process that increases control when individuals encounter incompatible trials relative to compatible trials. These transient shifts in control reduce the processing of task-irrelevant information on the current trial, but they also carry forward and continue to reduce task-irrelevant processing on the following trial. As a consequence, performance on both compatible and incompatible trials is affected less by irrelevant information following incompatible trials than following compatible trials, which in turn results in smaller interference effects following incompatible than compatible trials.
The conflict-monitoring model forwarded by Botvinick and colleagues suggests that there is a single conflict monitoring mechanism that engages a general form of control when conflict is detected. An alternative account that has been gaining support suggests that there are multiple modes of control, which resolve conflict in a domain-specific manner (e.g., Egner, 2008) . Evidence favoring this alternative account is derived from studies that have examined the specificity of sequential congruency effects. Here, the key issue concerns whether sequential congruency effects can occur across different conflict types. In particular, if the detection of conflict engages a general form of control, experiencing conflict on a preceding trial will lead to reduced interference on a following trial regardless of whether the conflict type is the same or different from one trial to the next. Conversely, if the detection of a particular type of conflict engages a specific mode of control based on the type of conflict detected, reduced interference ought to occur on the following trial only if the same type of conflict is present in both trials. A caveat, here, is that the examination of cross-conflict sequential effects is valid only if the two types of conflict-tasks that are used reflect independent sources of conflict (Egner, 2008) .
Using this approach, Funes, Lupiáñez, and Humphreys (2010a; see also Egner, Delano, & Hirsch, 2007; Notebaert & Verguts, 2008, Condition 2; Wendt, Kluwe, & Peters, 2006) have demon-strated that sequential congruency effects are specific to the type of conflict occurring in a preceding trial, consistent with the idea that there are multiple modes of control (e.g., Egner, 2008) . Funes et al. (2010a, Experiment 2) used a combined-conflict paradigm to measure spatial Stroop and Simon interference while maintaining the same stimuli and same task across the spatial Stroop conflict and Simon conflict conditions. On every trial participants responded to the direction of an arrow that pointed either up or down. Responses were recorded with two response keys, one on the left side of the keyboard and one on the right side of the keyboard, that were arbitrarily associated with up and down responses. The arrow appeared in one of four locations: left, right, above, or below a central fixation point. Spatial Stroop interference was measured by comparing spatially congruent trials with spatially incongruent trials, where a congruent trial was one in which the direction in which the arrow pointed (e.g., up) matched its location in the display (e.g., top), and an incongruent trial was one in which the direction in which the arrow pointed (e.g., up) was opposite its location (e.g., bottom). Simon interference was independently measured on trials in which the arrow appeared to the left or right of fixation by comparing congruent trials, in which the stimulus appeared on the same side of fixation as the correct response key, with incongruent trials, in which the stimulus appeared on the opposite side of fixation as the correct response key. Sequential congruency effects were found only when the conflict type of the preceding trial matched that of the current trial (e.g., Simon trials followed by Simon trials, or Stroop trials followed by Stroop trials). In other words, Funes et al. found that sequential congruency effects were specific to conflict type, consistent with the idea that there are separate modes of control for different types of cognitive conflict.
The results from Funes et al. (2010a) strongly suggest that sequential congruency effects reflect a transient form of cognitive control that is conflict type specific, rather than a top-down form of cognitive control that generalizes across conflict type. The results are also inconsistent with a model of stimulus-driven control, as Funes et al. observed conflict-specific sequential congruency effects, despite using the same stimuli and task across two conflict contexts (Experiment 2), and generalization of sequential congruency effects across axes when the same conflict type was measured on two axes, even if different stimuli were used on each axis (Experiment 4). Overall, the results reported by Funes et al. support a model in which transient control is engaged based on specific conflict processing (e.g., De Pisapia & Braver, 2006) .
The Specificity of Sequential Congruency Effects in Sequence Learning
Our goal in the current study was to determine whether the conflict-specific sequential congruency effect reported by Funes et al. (2010a) occurs when the source of conflict is implicitly learned. To that end, we examined the specificity of sequential congruency effects in participants who concurrently learned a motor sequence and a perceptual sequence. In Experiment 1, there were two distinct goals. First, we aimed to identify a procedure that could be used to measure two types of implicitly learned sources of congruency, one related to motor sequences and the other to perceptual sequences. Second, we aimed to confirm that these motor and perceptual sequence learning effects reflect two independent sources of learning, as suggested by Egner (2008) for independent sources of conflict. In Experiment 2, sequence learning effects were examined for both motor and perceptual sequence learning, and two additional goals were addressed. First, we aimed to replicate the sequential congruency effects in motor sequence learning reported by Jiménez et al. (2009) and to extend this finding to perceptual sequence learning. Second, the specificity of the sequential congruency effects in implicit sequence learning was assessed in two ways, by examining the influence of the preceding trial's motor sequence status on the expression of perceptual sequence learning on the current trial, as well as by examining the influence of the preceding trial's perceptual sequence status on the expression of motor sequence learning on the current trial. In Experiment 3, we replicated the results of Experiment 2 and examined whether sequential congruency effects are present when the proportion of trials consistent with a training sequence is decreased.
Experiment 1
As described above, our purpose in Experiment 1 was twofold. First, we wanted to find a procedure in which concurrent motor and perceptual sequence learning could be measured, given that perceptual sequence learning effects can be difficult to obtain (e.g., Deroost & Soetens, 2006a; Rüsseler, Münte, & Rösler, 2002) . Second, we wanted to examine whether motor sequence learning and perceptual sequence learning effects interact with each other. To address these issues, participants completed an SRT task in which they were concurrently exposed to a motor sequence and a perceptual sequence.
Prior studies have demonstrated that participants do not show perceptual learning for sequences with higher order constraints (Deroost & Soetens, 2006a) and that perceptual learning is more likely to occur when the spatial dimension is attended (Deroost & Soetens, 2006a , 2006b Mayr, 1996; Remillard, 2009) . Given these particular constraints, participants were trained on sequences containing first-order conditional structures. Simpler sequential structures are probably more open to explicit learning effects if they are presented repeatedly without noise, over extended periods of training. However, Deroost and Soetens (2006a) have reported evidence of concurrent motor and perceptual sequence learning using a probabilistic design in which first-order conditional sequence structures are derived from noisy finite-state grammars. Deroost and Soetens used a sequence structure in which two legal successors are arranged with similar likelihood after each possible firstorder context and in which the remaining nonsequence successors replace the legal ones over a relatively large proportion of trials (i.e., on 20% of the trials).
Using these sequences, participants in the present study completed an identification task in which they were asked to respond to a target item shown among three distractor items. The identity of the target item was predicted by one sequence (the motor sequence, as this was the dimension related to the motor responses), and the location of the target item among the distractors was predicted by a second, complementary sequence (the perceptual sequence, as this was the dimension related to perceptual learning). Distractors were presented in the unoccupied locations to encourage participants to serially search for the target item, thus drawing attention toward the spatial dimension and also increasing the utility of learning the perceptual sequence.
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Method
Participants. Thirty-six undergraduate students (35 female; mean age ϭ 22.2 years) enrolled at the University of Granada participated in the experiment in exchange for course credits. They had never participated in similar experiments before. All participants had normal or corrected to normal vision.
Apparatus and stimuli. The sequence of stimuli was generated by a personal computer and presented on a 15-in. Samsung color monitor. The experimental program was designed on INQUISIT 3 software. Responses were entered through the keyboard. Participants were tested individually, and all of them sat approximately 57 cm from the screen.
The stimuli consisted of four target shapes; a heart, spade, diamond, and club. Distractor shapes were always identical to one another and were the shape that resulted from all four target shapes overlaid on one another. All the shapes subtended 1.3 degrees of visual angle vertically and 1.5 degrees horizontally, except for the heart, which subtended 1.5 degrees both vertically and horizontally. All shapes were black in color.
Procedure. To minimize the effects of any spatial mapping between the location of the target and that of the required response, the stimuli were displayed along the vertical axis, whereas the response keys were aligned horizontally. Four square-shaped placeholders distributed over the vertical axis of the computer screen marked the locations at which the target stimulus could appear. A target shape was presented on each trial at one of the four locations marked by the placeholders; on every trial, distractor items occupied the remaining three locations. Participants were told to respond to the identity of the target item, where the target was defined as the oddball item, which was always a heart, spade, diamond, or club. Participants used their middle and index fingers from both hands to respond to keys mapped to each of the four target shapes (using the Z, X, N, and M keys mapping on the heart, spade, diamond, and club, respectively). Following incorrect responses an error tone lasting 500 ms was presented through headphones, during which a fixation screen containing the four placeholders was presented. The next trial appeared immediately after correct responses (with a 0-ms response-to-stimulus interval) and after the auditory feedback for incorrect responses.
Two sequences were used to assign the identity and location of target shape on every trial. These two sequences were derived from the artificial grammars used by Deroost and Soetens (2006a; Soetens, Melis, & Notebaert, 2004) and are shown in Figure 1 . The grammars were modified so that in one grammar the two outer positions of the grammar (1 and 4) predicted each of the first two positions (1 and 2), and the two inner positions (2 and 3) predicted each of the final two positions (3 and 4). Conversely, in the second grammar the two outer positions predicted each of the final two positions, and the inner two positions predicted each of the first two positions. From any position in the grammar, there is an equal probability of transitioning to either of two predicted positions, and repetitions do occur. For example, starting from Position 1 in Grammar A (shown in Figure 1 ) there is a 50% probability of transitioning to Position 1 and a 50% probability of transitioning to Position 2. Additionally, if starting from Position 1 in Grammar A, this grammar does not have legal transitions from Position 1 to Position 3 or 4. Trials in which the target's identity (or location) is predicted by transitions consistent with the training sequence are referred to as training trials, and trials in which the target's identity (or location) is not predicted by transitions consistent with the training sequence are referred to as control trials. Given the complementary nature of the two grammars, control trials for Grammar A are in fact transitions that are consistent with the sequence derived from Grammar B and vice versa.
It is important to note that in a probabilistic design using trial-totrial substitutions, such as what was used in the current studies, target identities and target locations are selected on a trial-to-trial basis. For example, if a block of trials contains 80% training trials, and if the target's identity or location on the current trial corresponds to Position 1 in Grammar A, there is a 40% likelihood of transitioning to each of Positions 1 and 2 and a 10% likelihood of transitioning to each of Positions 3 and 4. Following control trials and incorrect responses, the identity or location of the target on the following trial was selected based on the identity or location that had been presented on the previous trial (i.e., the control trial or the trial in which an incorrect response was made was used to select the identity or location of the target on the following trial).
For the motor sequence, which predicted the identity of the target item and therefore the required response, Positions 1 through 4 corresponded in order to the heart, spade, diamond, and club. For the perceptual sequence, which predicted the location of the target item, Positions 1 through 4 corresponded to the vertical locations, in order, 1 Indeed, in a pilot study, perceptual sequence learning was not observed when participants were asked to respond to the color of a single target that appeared in one of four locations. from the topmost location (Position 1) to the bottommost location (Position 4). The assignment of the two sequences to the identity and location dimensions was counterbalanced between participants. Before beginning the experimental trials, participants completed a practice block containing 30 trials. In this initial practice block, both the identity and the location of the target stimulus were randomly determined on every trial. In the practice block, the images of the four target shapes were presented horizontally at the base of the screen on every trial, aligned with their respective response keys, to facilitate learning of the shape-key mappings. Participants responded to the stimuli appearing on the vertical axis.
Following the practice block, participants were trained over seven blocks of 100 trials. The identity and location of the target for the first trial in all blocks were selected randomly. In Block 1, the identity and location of the target on all the following trials were randomly selected. In Blocks 2-7, the identity and location of the target on all following trials were selected according to the training sequences, independently for the motor and perceptual sequences; the two sequences were uncorrelated. After the seven training blocks, participants completed four transfer blocks in which the probabilities were shifted from 100% of trials selected according to the training sequences to only 80% of trials selected according to the training sequences. As in the previous blocks, trial selection according to the motor and perceptual sequences occurred independently of one another. After the transfer blocks, the training probabilities were restored to 100% over a final training block to reestablish the learned contingencies before sequence knowledge was measured directly with a series of generation tasks. Between all training and transfer blocks, participants were given feedback on their mean reaction time (RT) and accuracy.
Participants completed two sets of cued generation tasks, one for each of the two sequences, to assess their ability to make direct predictions in response to a fragment of the sequence being tested. Trials in which a fragment of the sequence was presented are referred to as cue trials. Given that the sequences used in the current study are first-order sequences in which legal transitions according to the training grammars are dependent only on the identity or location of the preceding trial, only one fragment was presented on each cued generation trial. Participants completed a series of cued generation trials in response to the identity of the target stimulus to assess their awareness of the motor sequence, as well as a series of cued generation trials in response to the location of the target stimulus to assess their awareness of the perceptual sequence. The presentation order of the identity and location generation tasks was counterbalanced between subjects.
For the motor sequence cued generation task, the test began with a cue trial in which participants responded as in the standard SRT task (using the keys Z, X, N, M), but in this case the target stimulus appeared alone within a square placeholder at the center of the screen. Following their response to the cue trial, participants were presented with an empty square placeholder in the center of the screen and were asked to generate the most likely successor of the item they responded to in the previous display, again using the same responses used in the standard SRT task. Given the nature of the grammars used to generate the sequences, two training successors were equally likely for each cue trial. For example, in the case of a participant for whom Grammar A was assigned as the motor sequence, the presentation of a heart in a cue trial would have the heart or the spade as equally likely training successors and the diamond or the club as equally likely control successors.
For the perceptual sequence cued generation task, the task began with a cue trial in which participants responded to the location of an empty square placeholder that appeared along the vertical axis in the middle of the screen, where the other three placeholders were each occupied by the distractor shape. For these trials, participants responded to the uppermost, upper middle, lower middle, and lowest locations along the vertical axis using respectively the 9, 6, 3, and period keys on the number pad. Participants were not given instructions about which fingers to use. Following their response to the cue trial, participants were presented with four empty square placeholders along the central vertical axis of the screen and were asked to generate the most likely successor of the location they responded to in the previous display, using the same response keys (9, 6, 3, period) . For these trials, participants had to generate where the target stimulus was most likely to appear following the location indicated in the cue trial. Once again, given the nature of the sequences used, two target locations were equally likely for each cue trial. For example, in the case of a participant for whom Grammar B was assigned as the perceptual sequence, the presentation of the empty placeholder in the uppermost location in the cue trial would have the lower middle or the lowest locations as equally likely successors and the upper middle or the uppermost locations as equally unlikely successors. For both generation tasks, each of the four possible cues was presented four times, in random order, thus completing a full set of 16 generation trials for each of the motor sequence and perceptual sequence generation tasks.
Indirect measures of sequence learning for the motor and perceptual sequences were derived by analyzing differences in mean RTs in the transfer blocks for training and control trials, separately for each sequence type. Direct measures of sequence learning were derived from performance on the generation tasks, by assessing whether participants generated more often the training or control successors of all the relevant cues. To determine whether motor and perceptual sequence learning effects were independent, we compared mean RTs over the transfer blocks for training and control trials as a function of both motor sequence trial type and perceptual sequence trial type.
Results
SRT performance. RTs for the first trial of each block and for trials in which an error was made (2.9% of the trials) were not included in the analyses. In addition, RTs that were more than three standard deviations from the mean for each block, defined separately for each participant (2.1%), were treated as outliers and eliminated from the analyses. Mean RTs were then computed for each of the training and control motor sequence trials, as well as for each of the training and control perceptual sequence trials, separately for each block for each participant. Motor sequence learning was analyzed with an analysis of variance (ANOVA) with transfer block (1-4) and trial type (training/control) as withinsubjects factors. Perceptual sequence learning was analyzed in the same manner. Here and in all subsequent experiments, for the effects and interactions involving transfer block, we report nominal degrees of freedom along with Greenhouse-Geisser ε and adjusted p levels.
Mean RT as a function of motor sequence trial type and block is presented in the left panel of Figure 2 . For the motor sequence learning, the analysis revealed a main effect of trial type, F(1, 25) ϭ 41.97, p 2 ϭ .55, p Ͻ .001. Reaction times were faster for training trials (912 ms) than for control trials (961 ms). Mean RT as a function of perceptual sequence trial type and block is presented in the right panel of Figure 2 . For perceptual sequence learning, the analysis revealed a main effect of trial type, F(1, 35) ϭ 14.16, p 2 ϭ .29, p ϭ .001. Reaction times were faster for training trials (916 ms) than for control trials (946 ms).
Independence of motor and perceptual learning. To assess the independence of the motor and perceptual sequence learning effects, mean RTs from the transfer blocks as a function of both motor sequence status and perceptual sequence status were submitted to an ANOVA with motor sequence trial type (2) and perceptual sequence trial type (2) as within-subjects factors. This analysis revealed main effects of both motor sequence trial type, F(1, 35) ϭ 21.18, p 2 ϭ .38, p Ͻ .001, and perceptual sequence trial type, F(1, 35) ϭ 7.59, p 2 ϭ .18, p ϭ .009. Importantly, the interaction between motor and perceptual sequence trial types was not significant (F Ͻ 1). This additive pattern is consistent with the hypothesis that participants expressed the motor and perceptual learning independently of one another. Mean RTs from the transfer blocks as a function of motor sequence trial type and perceptual sequence trial type are presented in Table 1 .
Generation task performance. The implicit nature of the sequence learning was derived from a comparison of sensitivity to the sequence in an indirect task (i.e., performance on the SRT) to sensitivity to the sequence in a direct task (i.e., performance on the generation tasks; Reingold & Merikle, 1990) . Performance on the generation tasks was assessed by comparing the number of trials in which participants completed a cue with a training successor to the number expected by chance. Chance performance is derived from the idea that if sequence knowledge does not guide selection of successors in the generation trials, then all four targets (or target locations) should be equally likely to occur. As two of the targets (or target locations) are training successors for each cue, chance performance on the generation trials is the likelihood of selecting either of the two training successors by chance alone, which is .50.
To assess sensitivity in the direct task, we submitted mean proportions of training successors generated to a one-sample t test to compare performance to chance (.50). For the motor sequence generation Although the results did reveal some sensitivity to the probabilistic sequence in the perceptual sequence generation task, it is important to note that performance on generation tasks can be sensitive to both explicit and implicit forms of knowledge. As such, the modest effect observed in the perceptual sequence generation task does not necessarily undermine the view that implicit rather than explicit learning processes underlie the perceptual sequence learning effect observed in the indirect task. Nonetheless, this is an important issue to address. Indeed, we address this issue at length following discussion of the results of Experiments 2 and 3.
Discussion
The first goal in Experiment 1 was to confirm that our task was capable of measuring concurrent motor and perceptual sequence learning. To reiterate, previous work that has focused on measuring concurrent motor and perceptual sequence learning has demonstrated that it can be difficult to find such effects reliably, and therefore it was important to show that with our procedure we can measure concurrent learning of uncorrelated motor and perceptual sequences. The second goal in Experiment 1 was to evaluate whether learning effects in motor and perceptual sequence learning are independent of one another. Participants completed an SRT task in which the identity and the location of the target stimulus were independently determined by two different sequences, derived from two complementary artificial grammars. The results of this experiment indicate that participants were able to concurrently learn the motor and perceptual sequences. In terms of our second goal, the results of this experiment indicate that the motor sequence and perceptual sequence learning effects were independent of one another. The additive pattern of motor and perceptual learning effects validates our assumption that motor and perceptual learning effects are independent. Recall that a caveat of examining cross-conflict sequential congruency effects is that the two sources of conflict, or in this case sources of automatic response tendencies, are independent of one another. Therefore, the independence of the two types of learning allows us to proceed and address the main question of this paper, which asks whether sequential congruency effects (or modulations of learning effects as a function of the sequence status of the preceding trial) can be observed in both motor and perceptual implicit learning, and whether the sequential congruency effects are conflict-type specific.
Experiment 2
The results of Experiment 1 indicate that we were able to measure concurrent learning of a motor and a perceptual sequence. Now that we have a procedure with which we can measure independent concurrent learning of uncorrelated motor and perceptual sequences, we can proceed with the primary goal of this study, which is to examine sequential congruency effects in both motor and perceptual sequence learning. Sequential congruency effects involve the measurement of learning effects on one trial (performance on training vs. control trials, which can be considered analogous to congruency effects in interference tasks) as a function of whether the target on the prior trial was a training trial (which can be considered analogous to congruent trials in interference tasks) or a control trial (which can be considered analogous to incongruent trials in interference tasks) with the training sequence. To address this issue in Experiment 2, we modified the design of Experiment 1 so that both motor and perceptual sequence learning effects could be measured across all 12 experimental blocks. Across the 12 experimental blocks, the probability of transitions consistent with the training sequence was .80 and the probability of transitions consistent with the control sequence was .20, for each of the motor and perceptual sequences, independent of one another.
Method
Participants. Forty undergraduates (34 female; mean age ϭ 20.3 years) enrolled at the University of Granada or McMaster University participated in the experiment in exchange for either course credit or $10. They had never participated in similar experiments before. All participants had normal or corrected to normal vision.
Apparatus and stimuli. The apparatus and stimuli were identical to those used in Experiment 1, with two exceptions. Some of the participants tested at McMaster University were tested in groups of two rather than individually. Also, for all McMaster participants, stimuli were presented on a 15-in. Sony CRT monitor.
Procedure. The procedure was identical to that described in Experiment 1 with the following exceptions. After the practice block of 30 trials, which was identical to that described in Experiment 1, participants completed 12 blocks of 100 trials. The identity and location of the target for Trial 1 of each block were selected randomly. The identity and location of the target on all subsequent trials in a block were selected according to the training motor sequence for 80% of the trials and according to the training perceptual sequence for 80% of the trials.
Sequence learning was assessed as in Experiment 1 with the following exceptions. Indirect measures of sequence learning for the motor and perceptual sequences were derived from the mean RTs for training and control trials across all 12 blocks. The independence of motor learning and perceptual learning effects was examined by comparing mean RTs for training and control trials as a function of both motor sequence trial type and perceptual sequence trial type across all 12 blocks.
Sequential congruency effects were assessed as a function of training period by examining the effect of sequence learning (i.e., the difference between responding to training and control trials) as a function of the preceding trial type (training vs. control). Sequential congruency effects were first assessed separately for the motor sequence learning and perceptual sequence learning to replicate the results of Jiménez et al. (2009) and extend the finding to perceptual sequence learning. Following the analysis of withinsequence sequential congruency effects, we examined the specificity of the sequential congruency effects by assessing whether the effect of motor sequence learning was modulated by the perceptual sequence status of the preceding trial, as well as whether the effect of perceptual sequence learning was modulated by the motor sequence status of the preceding trial.
Results
SRT performance. RTs for the first trial of each block and for trials in which an error was made (3.5% of the trials) were not included in the analyses. In addition, RTs that were more than three standard deviations from the mean of each condition defined by the factorial combination of block and trial type factors, separately for each participant (2.1%), were treated as outliers and eliminated from the analyses. Mean RTs were computed from the remaining observations for the training and control motor sequence trials, as well as for the training and control perceptual sequence trials, separately for each block for each participant. Motor sequence learning and perceptual sequence learning were each analyzed using an ANOVA with block (1-12) and trial type (training/control) as within-subjects factors.
Mean RT as a function of motor sequence trial type and block is presented in the left panel of Figure 3 . The analysis revealed a main effect of block, F (11, 429) 2 ϭ .39, p Ͻ .001, that are described in the previous analyses. Importantly, the interaction between motor and perceptual sequence trial types was not significant (F Ͻ 1). This additive pattern indicates that participants learned and expressed knowledge of the motor and perceptual sequences independently of one another. Mean RTs as a function of motor sequence trial type and perceptual sequence trial type are presented in Table 1 .
Sequential congruency. In line with common practice in the literature, for the analysis of sequential congruency effects posterror trials were excluded, as they are typically associated with increased RTs (Rabbitt, 1966) . Sequential congruency effects were analyzed separately for the motor and perceptual sequence learning by submitting RTs to two separate ANOVAs with trial type (training/control) and preceding trial type (training/control) included as within-subjects factors.
Mean RTs for each motor sequence trial type and preceding motor sequence trial type are presented in the top left panel of Figure 4 . For motor sequence learning, the analysis revealed a main effect of trial type, F(1, 39) ϭ 25.58, p 2 ϭ .40, p Ͻ .001. Importantly, the analysis revealed an interaction between trial type and preceding trial type, F(1, 39) ϭ 5.31, p 2 ϭ .12, p ϭ .027. This interaction reflects a significant motor sequence learning effect (29 ms) when the preceding trial followed the training sequence, t(39) ϭ 6.68, p Ͻ .001, which was no longer significant when the preceding trial type was a control trial, t(39) ϭ 1.62, p ϭ .114 (mean motor sequence learning effect ϭ 11 ms).
Mean RTs as a function of perceptual sequence trial type and preceding perceptual sequence trial type are presented in the bottom right panel of Figure 4 . For perceptual sequence learning, the analysis revealed a main effect of trial type, F(1, 39) ϭ 8.72, p 2 ϭ .18, p ϭ .005. Importantly, the analysis revealed an interaction between trial type and preceding trial type, F(1, 39) ϭ 8.07, p 2 ϭ .17, p ϭ .007. This interaction reflects significant perceptual sequence learning effect (27 ms) when the location of the target symbol on the preceding trial was predicted by the training sequence, t(39) ϭ 7.04, p Ͻ .001, which disappeared completely when the preceding trial was a control trial, t(39) ϭ Ϫ.05, p ϭ .959 (mean perceptual sequence learning effect ϭ 0 ms).
Specificity of sequential congruency effects. The specificity of the sequential congruency effects was examined with two complementary analyses. First, the effect of motor sequence trial type was examined as a function of the preceding trial's perceptual sequence status. Second, the effect of perceptual sequence trial type was examined as a function of the preceding trial's motor sequence status. If the sequential congruency effects reported above reflect the engagement of a general form of control, sequential congruency effects should emerge in these two analyses. Conversely, if the sequential congruency effects reported above reflect a process-specific form of control, as suggested by previous work (Funes et al., 2010a (Funes et al., , 2010b , there should be no evidence of sequential congruency effects in the following analyses.
Mean RTs as a function of motor sequence trial type and preceding perceptual sequence trial type are presented in the top right panel of Figure 4 . The analysis of motor sequence trial type as a function of the preceding trial's perceptual sequence status did not reveal an interaction between the two factors, F(1, 39) ϭ 1.01, p 2 ϭ .03, p ϭ .321. Mean RTs as a function of perceptual sequence trial type and preceding motor sequence trial type are presented in the bottom left panel of Figure 4 . In the analysis of perceptual sequence trial type as a function of preceding trial's motor sequence status, the interaction between trial type and preceding trial type also failed to reach significance, F(1, 39) ϭ 1.68, p 2 ϭ .04, p ϭ .203. As such, there was no evidence in either analysis that the sequential congruency effects for either motor learning or perceptual learning generalized to the other form of learning.
Generation task performance. Performance on the generation tasks was assessed by comparing the number of trials in which participants completed a cue with a training successor to the number expected by chance. Mean proportions of training successors generated were submitted to a one-sample t test to compare performance to chance (.50). For the motor sequence generation tasks, participants generated marginally more training successors (.54) from the cues than expected by chance, t(39) ϭ 1.89, p ϭ .066, d ϭ 0.30 (control successors generated ϭ .46). For the perceptual sequence generation tasks, participants generated more training successors (.55) from the cues than expected by chance, t(39) ϭ 3.16, p ϭ .003, d ϭ 0.50 (control successors generated ϭ .45). Once again, as for the perceptual sequence learning in Experiment 1, the pattern of results showed a modest ability to discriminate between training and control successors for both perceptual and motor sequence learning. We address this issue in detail following the results of Experiment 3.
Discussion
Our first goal in Experiment 2 was to replicate and extend the finding of sequential congruency effects for motor sequence learning reported by Jiménez et al. (2009) to the concurrent learning of motor and perceptual sequences. The results of indirect and direct measures of learning in Experiment 2 indicate that participants were able to learn independently the motor and perceptual sequences with the design employed in Experiment 2. More important, the results of Experiment 2 replicate the sequential congru- ency effects in motor learning reported by Jiménez et al. and extend the finding to perceptual sequence learning. Our second goal was to examine the specificity of sequential effects in sequence learning. The results of Experiment 2 indicate that the sequential congruency effects measured were specific to the type of conflict associated with each type of sequence learning, as the transition to a motor sequence control trial did not attenuate perceptual learning measured on the following trial, and transition to a perceptual sequence control trial did not attenuate the motor sequence learning measured on the following trial. This result is broadly consistent with previous work that has demonstrated conflict-type specificity of sequential congruency effects in interference tasks (e.g., Funes et al., 2010a) . Experiment 3 was conducted to replicate these key effects with another group of participants.
Experiment 3
Our goal in Experiment 3 was primarily to provide a replication of the sequential congruency effects and the specificity of these effects, as reported in Experiment 2. A secondary goal in Experiment 3 was to examine whether sequential congruency effects are observed when target identity and location are randomly selected. To that end, sequential congruency effects were examined in a set of transfer blocks where the proportion of training trials and control trials were each set to .50.
Method
Participants. Fifty-six undergraduates (38 female; mean age ϭ 20 years) enrolled at McMaster University participated in the experiment in exchange for course credit. They had never participated in similar experiments before. All participants had normal or corrected to normal vision. Two participants did not complete the perceptual sequence generation task due to computer errors.
Apparatus and stimuli. The apparatus and stimuli were identical to those used in Experiment 2 with the following exceptions. Participants were tested in groups of two or three, and stimuli were presented on a 15-in. Sony CRT monitor. The experimental program was designed using Presentation experimental software (v.10.3, www.neurobs.com) .
Procedure. The procedure was identical to that described in Experiment 2 with the following exceptions. After the practice block of 30 trials, which was identical to that described in Experiment 2, participants completed 15 blocks of 100 trials, including 10 training blocks, four transfer blocks, and a final training block, to reestablish the learned contingencies before the generation tasks were presented. The identity and location of the target for Trial 1 of each block were selected randomly. Participants were trained across 10 blocks, in which the identity and location of the target on all subsequent trials were selected according to the training motor sequence for 80% of the trials and according to the training perceptual sequence for 80% of the trials, independent of one another. Blocks 1-10 are referred to as training blocks.
Following the training blocks, participants completed four transfer blocks in which the identity and location of the target on all trials were selected according to the training motor sequence for 50% of the trials and according to the training perceptual sequence for 50% of the trials, independent of one another. Given that the training sequences were derived from artificial grammars in which two training successors were equally likely to follow any one position within the grammar, training probabilities of 50% within a block of trials result in the random selection of identities/ locations. Blocks 11-14 are referred to as transfer blocks. Last, the training probabilities were restored over a final training block (Block 15), as a way of reestablishing the learned contingencies before proceeding to the generation task.
Sequence learning was assessed as in Experiment 2 with the following exceptions. Indirect measures of sequence learning for the motor and perceptual sequences were each derived from the mean RTs for the respective training and control trials and were analyzed separately for the first 10 training blocks and for the four transfer blocks. The independence of motor learning and perceptual learning effects was examined by comparing mean RTs for training and control trials as a function of both motor sequence trial type and perceptual sequence trial type across the 10 training blocks. Sequential congruency effects were assessed as in Experiment 2 with the exception that all sequential congruency effects were assessed separately for training and transfer blocks.
Results
SRT performance. RTs for the first trial of each block and for trials in which an error was made (5.4% of the trials) were not included in the analyses. In addition, RTs that were more than three standard deviations from the mean of each condition defined by the factorial combination of block and trial type factors, separately for each participant (2.3%), were treated as outliers and eliminated from the analyses. Mean RTs were computed from the remaining observations for the training and control motor sequences, as well as for the training and control perceptual sequences, separately for each block for each participant. Motor sequence learning and perceptual sequence learning were each analyzed using an ANOVA with training block (1-10) and trial type (training/control) as within-subject factors. To examine sequence learning effects in the transfer blocks, we analyzed motor sequence learning and perceptual sequence learning using an ANOVA with transfer block (11-14) and trial type (training/ control) as within-subject factors.
Mean RT as a function of motor sequence trial type and block is presented in the left panel of Figure 5 . The analysis of motor sequence learning in the training blocks revealed a main effect of block, F(9, 495) ϭ 26.96, p 2 ϭ .33, p Ͻ .001, ε ϭ .67. Importantly, the analysis also confirmed a main effect of trial type, F(1, 55) ϭ 37.63, p 2 ϭ .41, p Ͻ .001. Responses were faster for training trials (913 ms) than for control trials (949 ms). The interaction between block and trial type was not significant, F(9, 495) ϭ 1.10, p 2 ϭ .02, p ϭ .361, ε ϭ .76. The analysis of motor sequence learning in the transfer blocks revealed a main effect of trial type, F(1, 55) ϭ 11.35, p 2 ϭ .17, p ϭ .001. Responses were faster for training trials (865 ms) than for control trials (883 ms), indicating that participants continued to express sequence knowledge when the identity of the target was no longer predicted by the motor training sequence.
Mean RT as a function of perceptual sequence trial type and block is presented in the right panel of Figure 5 . The analysis of perceptual sequence learning in the training blocks revealed a main effect of block, F(9, 495) ϭ 28.81, p 2 ϭ .34, p Ͻ .001, ε ϭ .68. Importantly, the analysis also confirmed a main effect of trial type, F(1, 55) ϭ 7.77, p 2 ϭ .12, p ϭ .007. Responses were faster for training trials (918 ms) than for control trials (929 ms). The interaction between block and trial type was not significant, F(9, 495) ϭ 0.57, p 2 ϭ .01, p ϭ .792, ε ϭ .84. The analysis of perceptual sequence learning in the transfer blocks revealed no significant effects. In contrast to the analysis of motor sequence learning, the main effect of perceptual sequence trial type was not significant, F(1, 55) ϭ 0.011, p 2 ϭ .00, p ϭ .917. Independence of motor and perceptual learning. The independence of the motor sequence learning and perceptual sequence learning was assessed by analyzing mean RTs from the training blocks as a function of both motor sequence status and perceptual sequence status in an ANOVA with motor sequence trial type (2) and perceptual sequence trial type (2) as withinsubject factors. This analysis revealed a main effect of motor sequence trial type, F(1, 55) ϭ 51.55, p 2 ϭ .48, p Ͻ .001. The main effect of perceptual sequence trial type was also significant, F(1, 55) ϭ 6.56, p 2 ϭ .11, p ϭ .013. The interaction between motor sequence trial type and perceptual sequence trial type was not significant, F Ͻ 1. Once more, this additive pattern indicates that participants learned and expressed knowledge of the motor and perceptual sequences independently of one another. Mean RTs as a function of motor sequence trial type and perceptual sequence trial type for the training blocks are shown in Table 1 .
Sequential congruency. Sequential congruency effects were analyzed in the same way as in Experiment 2. Sequential congruency effects were analyzed separately for the motor and perceptual sequence learning, by submitting RTs to two separate ANOVAs with trial type (training/control) and preceding trial type (training/ control) included as within-subjects factors. Sequential congruency effects were analyzed separately for performance on the training blocks and transfer blocks.
Mean RTs for motor sequence trial type and preceding motor sequence trial type, for training blocks, are presented in the top left panel of Figure 6 . For the training blocks, the analysis revealed a main effect of trial type, F(1, 55) ϭ 27.38, p 2 ϭ .33, p Ͻ .001. More important, the analysis revealed an interaction between trial type and preceding trial type, F(1, 55) ϭ 5.81, p 2 ϭ .096, p ϭ .019. This interaction reflects a significant motor sequence learning effect (47 ms) when the preceding trial followed the training sequence, t(55) ϭ 6.85, p Ͻ .001, which was not significant when the preceding trial type was a control trial, t(55) ϭ 1.48, p ϭ .092 (mean motor sequence learning effect ϭ 17 ms).
For the transfer blocks, the analysis revealed a main effect of trial type, F(1, 55) ϭ 14.50, p 2 ϭ .21, p Ͻ .001. The interaction between trial type and preceding trial type was not significant, F(1, 55) ϭ 2.72, p 2 ϭ .05, p ϭ .105, although the pattern of results is consistent with the pattern observed in the training blocks. Planned comparisons indicate that there was a significant motor sequence learning effect (34 ms) when the preceding trial followed the training sequence, t(55) ϭ 3.64, p ϭ .001, which was not significant when the preceding trial type was a control trial, t(55) ϭ 0.57, p ϭ .571 (mean motor sequence learning effect ϭ 6 ms).
Mean RTs for perceptual sequence trial type and preceding perceptual sequence trial type, for training blocks, are presented in the bottom right panel of Figure 6 . For the training blocks, the analysis revealed a significant interaction between trial type and preceding trial type, F(1, 55) ϭ 4.44, p 2 ϭ .08, p ϭ .040. Planned comparisons indicate that there was a significant perceptual sequence learning effect (18 ms) when the preceding trial followed the training sequence, t(55) ϭ 3.47, p ϭ .001, which was eliminated when the preceding trial type was a control trial, t(55) ϭ Ϫ0.456, p ϭ .650 (mean perceptual sequence learning effect ϭ Ϫ4 ms).
For the transfer blocks, the analysis revealed no significant main effects. The interaction between trial type and preceding trial type was not significant, F(1, 55) ϭ 1.20, p 2 ϭ .02, p ϭ .279. Planned comparisons indicate that the perceptual sequence learning effect (Ϫ4 ms) was not significant when the preceding trial followed the training sequence, t(55) ϭ Ϫ0.543, p ϭ .589, nor when the preceding trial type was a control trial, t(55) ϭ 0.851, p ϭ .399 (mean perceptual sequence learning effect ϭ 5 ms). Specificity of sequential congruency effects. As in Experiment 2, the specificity of the sequential congruency effects was examined with two complementary analyses. First, the effect of motor sequence trial type was examined as a function of the preceding trial's perceptual sequence status. Second, the effect of perceptual sequence trial type was examined as a function of the preceding trial's motor sequence status. These crossed sequential congruency effects were analyzed separately for performance on the training blocks and transfer blocks.
Mean RTs as a function of motor sequence trial type and preceding perceptual sequence trial type are presented for training blocks in the top right panel of Figure 6 . The analysis of motor sequence trial type as a function of the preceding trial's perceptual sequence status for the training blocks did not reveal an interaction between the two factors, F(1, 55) ϭ 0.001, p 2 ϭ .00, p ϭ .975. For the analysis of the transfer blocks, the interaction between motor sequence trial type and preceding perceptual sequence trial type was also not significant, F(1, 55) ϭ 0.00, p 2 ϭ .00, p ϭ .991. Mean RTs as a function of perceptual sequence trial type and preceding motor sequence trial type are presented for training blocks in the bottom left panel of Figure 6 . The analysis of perceptual sequence trial type as a function of the preceding trial's motor sequence status for the training blocks did not reveal an interaction between the two factors, F(1, 55) ϭ 1.03, p 2 ϭ .02, p ϭ .315. For the analysis of the transfer blocks, the interaction between motor sequence trial type and preceding perceptual sequence trial type was also not significant, F(1, 55) ϭ 0.855, p 2 ϭ .02, p ϭ .359. Generation task performance. Performance on the generation tasks was assessed by comparing the number of trials in which participants completed a cue with a training successor to the number expected by chance. Mean proportions of training successors generated were submitted to a one-sample t test to compare performance to chance (.50). For the motor sequence generation tasks, participants generated marginally more training successors (.53) from the cues than expected by chance, t(55) ϭ 1.91, p ϭ .061, d ϭ 0.26 (control successors generated ϭ .47). Two participants did not complete the perceptual sequence generation task due to a computer error, but the participants who did complete the task did not generate more training successors (.49) from the cues than expected by chance, t(53) ϭ Ϫ.286, p ϭ .776, d ϭ 0.04 (control successors generated ϭ .51).
Supplementary analyses to control for direct knowledge of the sequences. Given the marginally significant effect in the motor sequence generation tasks in Experiments 2 and 3 and the significant effect in the perceptual sequence generation task in Experiment 2, the effects of motor sequence learning, perceptual sequence learning, and all sequential congruency effects were reanalyzed after removing, for each participant, those RTs that corresponded to the parts of the training sequence that had been correctly generated in response to the appropriate cues. In other words, RTs that were possibly associated with explicit knowledge were removed and the remaining RTs were analyzed. For example, if a participant was trained on Grammar A for the motor sequence and that participant generated the heart (corresponding to position 1 in the grammar) more than once when he or she was prompted with the fragment containing a heart, RTs corresponding to that particular training sequence transition were removed from the data for this particular learner. Using this method, approximately 44% of trials were excluded from Experiment 2 and 33% of trials were excluded from Experiment 3. Given that the structure of the training blocks in Experiments 2 and 3 was identical and that this exclusion method eliminated a large number of trials, the remaining observations for Experiments 2 and 3 were combined for the following analyses. For Experiment 2, only data from the first 10 training blocks were included in the following analyses. For Experiment 3, the two participants who did not complete the perceptual generation task were not included in the analyses involving perceptual sequence learning or in the analyses of sequential congruency effects involving perceptual sequence learning.
The pattern of results was not substantially changed by these restrictions. The corresponding ANOVA for the effect of motor sequence learning in the training block over those trials that were not generated better than chance still showed a significant main effect of trial type, F(1, 95) ϭ 10.39, p 2 ϭ .10, p ϭ .002. The corresponding ANOVA for the effect of perceptual sequence learning in the training block over those trials that were not generated better than chance still showed a significant main effect of trial type, F(1, 93) ϭ 7.12 p 2 ϭ .07, p ϭ .009. Mean RTs for the analyses of sequential congruency effects on training trials that were not generated better than chance are depicted in Figure 7 . For the motor sequential congruency effect, the analyses conducted on those training trials that had not been generated better than chance also showed a significant interaction between trial type and preceding trial type, F(1, 95) ϭ 15.91, p 2 ϭ .14, p Ͻ .001. For the perceptual sequential congruency effect, the analyses conducted on those training trials that had not been generated better than chance also showed a significant interaction between trial type and preceding trial type, F(1, 93) ϭ 11.44, p 2 ϭ .11, p ϭ .001. For the analyses examining the specificity of the sequential congruency effects, the analyses conducted on those training trials that had not been generated better than chance also revealed no significant interactions between motor sequence trial type and preceding perceptual sequence trial type (F Ͻ 1) or perceptual sequence trial type and preceding motor sequence trial type, F(1, 93) ϭ 1.33, p 2 ϭ .01, p ϭ .251. Overall, these analyses reinforce the claim that both the effects of sequence learning and those of sequential congruency within the training blocks are nonconscious.
Discussion
Our goals in Experiment 3 were first to replicate the results of Experiment 2 and second to examine whether sequential congruency effects are maintained when the identity and location of the target are randomly determined. To that end, four transfer blocks were included in which the target's identity and location were randomly selected. The results of indirect and direct measures of learning in Experiment 3 indicate that participants were able to learn independently the motor and perceptual sequences in the training blocks of the experiment. More important, the results of Experiment 3 replicate the sequential congruency effects in motor learning and in perceptual learning in the training blocks. Further, the results of Experiment 3 replicate the findings of Experiment 2, which indicate that the sequential congruency effects measured were specific to the conflict associated with control trials within each trial of motor and perceptual sequence learning, as the transition to a motor sequence control trial did not attenuate perceptual sequence learning measured on the following trial, and the transition to a perceptual sequence control trial did not attenuate the motor sequence learning measured on the following trial. Once again, these results are broadly consistent with previous work that has demonstrated conflict-type specificity of sequential congruency effects in interference tasks (e.g., Funes et al., 2010a) .
The results also indicate that although sequential congruency effects within motor sequence learning and within perceptual sequence learning were observed in the training blocks, the effects were no longer reliable in the transfer blocks. These results may indicate that there is a trade-off between conflict-specific transient control that produces sequential congruency effects and proactive modes of control that are engaged in response to conflict predicted by the global context. In any case, the addition of the transfer blocks here was intended to be exploratory, and a more in-depth analysis of the trade-off between transient and proactive modes of control in sequence learning is left for future work.
Finally, and of primary importance, the results of the analyses of training trials that were not generated better than chance corroborate all of the previous analyses in suggesting that independent motor and perceptual sequence learning effects can be measured with our task, that sequential congruency effects for motor and perceptual sequence learning can also be measured, and that these sequential congruency effects are learning-type specific. Perceptual sequence learning effects are modulated by the perceptual sequence learning status, but not the motor sequence learning status, of the immediately preceding trial. Motor sequence learning effects are modulated by the motor sequence learning status, but not the perceptual sequence learning status, of the immediately preceding trial. The fact that these analyses were conducted using only transitions that were not generated by participants with higher than chance likelihood clearly suggests that the underlying learning processes are nonconscious.
General Discussion
Our goal in the present study was to examine the specificity of sequential congruency effects measured using implicit learning methods. To address this issue, a task was needed in which both motor sequence learning and perceptual sequence learning could be observed, and it was necessary to demonstrate that these two forms of learning could impact performance independently. The results of Experiment 1 satisfied both objectives, as participants concurrently learned a motor sequence and a perceptual sequence, and the motor sequence and perceptual sequence learning effects did not interact. The additive effects of motor sequence and perceptual sequence in turn validated the analysis of cross-conflict sequential congruency effects carried out in Experiments 2 and 3 (Egner, 2008) . In Experiment 2, we replicated the sequential congruency effects for motor sequence learning reported by Jimé-nez et al. (2009) and extended the finding of sequential congruency effects to perceptual sequence learning. Of particular interest, in Experiment 2 we found no evidence that the sequential congruency effects generalized across the type of sequence learning; the perceptual sequence trial type of the preceding trial did not modulate the expression of motor sequence learning on the current trial, nor did the motor sequence trial type of the preceding trial modulate the expression of perceptual learning on the current trial. In Experiment 3 we replicated the sequential congruency effects in motor and perceptual sequence learning, while also replicating the specificity of the sequential congruency effects.
Sequential Congruency Effects in Sequence Learning
Before the implications of the results from the current set of experiments are discussed, a discussion of an alternative interpretation of the sequential congruency effects reported by Jiménez et al. (2009) is warranted. As was discussed in the introduction, Jiménez et al. interpreted their finding of sequential congruency effects in motor sequence learning as evidence for transient control processes that can inhibit or reduce the contribution of automatic response tendencies. In contrast to this interpretation, Beesley, Jones, and Shanks (2012) have recently proposed an associative learning account of sequential congruency effects in sequence learning.
The interpretation of sequential congruency effects in sequence learning described by Beesley et al. (2012) suggests that sequential congruency effects are not due to the engagement of control but are in fact due to learning of higher order associations between elements of a sequence. Using the simple recurrent network model (SRN; Elman, 1990) Beesley et al. simulated the sequential congruency effects reported by Jiménez et al. (2009) , demonstrating that sequence learning sequential effects can arise, from a computational perspective, because following control trials there is a decreased amount of sequence information that can be used to make predictions on the current trial. It is noteworthy, of course, that the SRN model does not have a mechanism to facilitate or inhibit responses by top-down control processes, and therefore the simulations of Beesley et al. demonstrate, in principle, that sequential congruency effects need not be attributed to cognitive control processes. The results of the simulations also showed that the SRN model makes specific predictions concerning the magnitude of the sequential congruency effects across training. In particular, the SRN model simulations predicted that the magnitude of the sequential congruency effects should increase across training. Beesley et al. confirmed these predictions in a reanalysis of data originally reported in Experiment 3 of Shanks, Wilkinson, and Channon (2003) .
At this point, it is clear that Beesley et al. (2012) have demonstrated that an associative model, such as the SRN, can adequately account for sequential congruency effects found when participants learn second-order conditional sequences. The associative account put forward by Beesley et al. has the advantage of being more parsimonious than an alternative cognitive control account. However, the associative account and the cognitive control account of sequential congruency effects in the SRT task differ in terms of their predictions when a simpler sequence structure is used, as was the case in the current set of experiments. In the current set of experiments first-order sequences were used in which the relevant sequential information is exhausted by the identity or the location of the target in a single previous trial. Recall that in these firstorder sequences only the immediately preceding trial provides sequential information, meaning that by themselves the trials that occurred prior to the immediately preceding trial do not provide any sequential information. In these conditions the SRN is unable to extract additional predictive information out of a larger context, and therefore the associative account predicts no difference between the effect of sequence learning observed after a control trial or after a training trial. In contrast, if sequential congruency effects are not produced by the system's sensitivity to higher order conditionals but instead are produced by a control adaptation produced in response to an "unusual" trial, sequential congruency effects could be found when a simpler sequence structure is used. Indeed, we simulated the results of Experiments 2 and 3 using the SRN and found that the model was unable to predict a sequential congruency effect when first-order sequences were used, in contrast to the sequential congruency effects observed in the data from the human participants. Details of the simulations are provided in the Appendix.
The results of the simulations of Experiments 2 and 3 using the SRN indicate that although both an associative account and a cognitive control account can predict sequential congruency effects when second-order conditional sequences are used, the SRN does not predict sequential congruency effects when simpler sequence structures are used. At this point, given the results of the SRN simulations, we propose that the sequential congruency effects observed in the current set of experiments are better accounted for by a cognitive control account.
Control in Sequence Learning
To this point in the article, the sequential congruency effects reported have been assumed to be analogous to the sequential congruency effects that are often reported in interference tasks, such as the flanker task. Overall, in both sequence learning and interference tasks, sequential congruency effects reflect the reduction of either sequence learning or an interference effect following trials requiring increased cognitive control. For example, in the flanker task sequential congruency effects reflect a smaller inter-ference effect following incongruent trials. In the flanker task, the reduced interference effects are the result of slower performance on congruent trials and faster performance on incongruent trials following an incongruent trial. In this context, the engagement of control on an incongruent trial may result in a decrease in processing of flanking items present in the following trial. Similarly, in the current experiments the sequential congruency effects reflect a reduced sequence learning effect following control trials. In sequence learning, the reduced sequence learning effects are the result of slower performance on training trials and faster performance on control trials following control trials. In this context, the engagement of control on a control trial may result in a reduced reliance on any predictions that are derived from sequence knowledge, the result of which is a decreased sequence learning effect.
On the Specificity of Sequential Congruency Effects
Our purpose in the current study was to examine whether sequential congruency effects in implicit sequence learning are conflict-type specific. The results of the sequential congruency effects reported in Experiments 2 and 3 demonstrate that although the expression of motor sequence learning was modulated by the motor sequence status of the preceding trial, motor sequence learning was not modulated by the perceptual sequence status of the preceding trial. Similarly, although the expression of perceptual sequence learning was modulated by the perceptual sequence status of the preceding trial, perceptual sequence learning was not modulated by the motor sequence status of the preceding trial. These results add to the accumulating evidence that sequential congruency effects are conflict-type specific and constitute the first demonstration of this specificity in an implicit learning task.
Together, these results and those reported in other domains (e.g., Egner et al., 2007; Funes et al., 2010a; Notebaert & Verguts, 2008 Because the parametrical exploration conducted by Beesley et al. (2012) suggested that the best fit for the pattern of results reported in Jiménez et al. (2009) was obtained with a simple recurrent network (SRN) with 150 hidden units and a learning rate of .3, we conducted a simulation of the sequence learning results obtained in Experiments 2 and 3, using those parameters. Full details of the model are specified in Beesley et al. A1 We ran 100 independent simulations for each experiment (50 simulations using Sequence A and 50 simulations using Sequence B as the training structure), and we obtained the effects represented in Figure A1 .
As can be observed, the SRN learned about the training sequence in both cases, as attested by the difference between responding to training and control trials. The overall effect was maintained over the transfer blocks of Experiment 3, even with the removal of the predictable structure. However in none of these simulations was there any evidence of a sequential congruency effect comparable to what was observed in human participants. Overall, these simulations show that when using first-order sequences where higher order information does not provide any additional predictive information beyond what is provided in an immediately preceding trial, the SRN model is unable to simulate sequential congruency effects to the degree comparable to what is observed in human participants.
